ABSTRACT⎯This paper presents the application of a turbo coding technique combined with a bandwidth efficient method known as trellis-coded modulation. A transformation applied to the incoming I-channel and Q-channel symbols allows the use of an off-the-shelf binary/quadrature phase shift keying (B/QPSK) turbo decoder without any modifications. A conventional turbo decoder then operates on transformed
transmission rate, and the coding rate of an error-correcting code. However, the structure of a turbo decoder depends on the modulation scheme. Its decoding structure is different for a modulation scheme other than B/QPSK, requiring a larger decoder size or power consumption.
A single decoder would be more desirable to decode all modulation schemes in order simplify the hardware, minimize the power consumption, and to reduce the receiver cost. In this paper, a novel decoding procedure is proposed. This procedure allows the use of an off-the-shelf turbo decoder originally designed for a standard rate 1/2 turbo decoder over B/QPSK modulation to decode some trellis-coded modulation schemes over 2 m -PSK/QAM constellations, with 3 ≥ m . Wahlen and Mai [3] proposed to combine turbo coding with pragmatic trellis-coded modulation (PTCM), where the received 8-PSK symbols are directly inputted into the turbo decoder, causing a reduction of the Euclidean distance, which is one of the reasons for the performance degradation. This paper proposes a new method for a pragmatic turbo decoding algorithm using the coset symbol transformation, where the received 8-PSK signals are transformed into QPSK signals after some manipulations. The novel turbo TCM (TTCM) with two coded bits per symbol is based on a realization of the rate n/(n+1) trellis-coded scheme using an off-the-shelf turbo decoder originally designed for a standard rate 1/2 turbo decoder for B/QPSK modulation.
II. A New Decoding Algorithm of TTCM
Compared to an uncoded QPSK system, TCM is now a well-established method in digital communication systems
A Simplified Decoding Algorithm Using
Symbol Transformation for Turbo Pragmatic Trellis-Coded Modulation Euna Choi, Ji-Won Jung, Nae-Soo Kim, Young-Wan Kim, and Deock-Gil Oh and is capable of achieving a coding gain of within a 3 to 6 dB range of the Shanon channel capacity for a trellis-coded 8-PSK system. The application of turbo codes to TCM has received much attention in the literature. For example, Hauro and others have proposed a new turbo trellis-coded modulation scheme [4] . In this paper, we propose to combine the turbo with a pragmatic TCM, creating what we call the turbo pragmatic TCM (TPTCM). In this section, we present a TPTCM with a rate 2/3. For the sake of clarity, only the case of 8-PSK modulation is considered, but the result can be easily generalized to M-PSK modulation for any M equal to a power of 2. Figure 1 shows the rate 2/3 TPTCM encoder/decoder structure. The encoder consists of two recursive systematic convolution (RSC) codes and one interleaver. The decoder consists of two off-the shelf turbo decoders (DEC1, DEC2) with a rate of 1/2, a phase sector quantizer (PSQ), a coset symbol transformer, a de-interleaver, and a re-encoder. The decoding procedure requires a standard turbo decoder without any modification to calculate the log-likelihood ratio, the forward/backward state metric, and the branch metric. . Figure 3 shows an example of the received 8-PSK symbols being transformed into QPSK symbols at an E b /N 0 of 12 dB.
Phase Sector Quantizer
The signal vector space is quantized to determine the locations of received symbols, and the PSQ in Fig. 1 is used for decoding the uncoded bits, u 2 . The PSQ is designed with the assumption that the in-phase (I) and quadrature (Q) components of the received signals r(t) are already converted touantization bits. The circuit is shown in Fig. 4 . Three comparators and two absolute value generations produce the three bits of phase information identifying one of the eight sectors. The three phase information bits provide information are used by an iterative maximum a posteriori turbo decoder to produce estimates 1 u of u 1 . The value 1 u is then encoded by the rate 1/2 turbo encoder to provide estimates 1 u and k c 1 of u 1 and c 1k , respectively. After the turbo decoder estimates the coded bits, it remains to determine the uncoded bit. This is accomplished by making a threshold decision. Using the estimated coded bits ) , ( 
III. Simulation Results
Computer simulations are conducted to compare the performance of the turbo pragmatic TCM with that of the pragmatic TCM and with the published simulation results of the turbo TCM method in [4] . The following simulation results are plotted in Fig. 5 for comparable 2 bps/Hz systems: i) the uncoded QPSK; ii) the rate 2/3 pragmatic TCM with a single 64-state convolutional encoder; iii) the rate 2/3 turbo pragmatic TCM of Fig. 1 with two 16-state RSC encoders, a 500-bit random interleaver, and five decoding iterations; and iv) the rate 2/3 turbo TCM with two 16-state RSC encoders, 500-bit random interleaver, and five decoding iterations [4] . At a BER of 10 -5 , the TCPTCM achieves a 2 dB gain relative to the PTCM. Compared to [4] , the proposed decoder exhibits a small loss of less than 0.2 dB.
IV. Conclusion
In this paper, we presented the turbo pragmatic TCM with two coded bits per symbol, based on a realization of the rate n/(n+1) trellis-coded scheme using an off-the-shelf turbo decoder originally designed for a standard rate 1/2 turbo decoder for B/QPSK modulation. Compared to the conventional turbo TCM, although the proposed decoder exhibits a small loss of less than 0.2 dB, it requires less hardware, consumes less power, and reduces the receiver cost. The proposed approach may be extended to a variable coding rate (rate-5/6 and rate-8/9) depending on how many uncoded bits are assigned. Also, it can be used for 2 m -QAM constellations with 4 ≥ m . 
